Purpose: To analyze the clinical success of direct light-activated composite resin restorations in posterior teeth. The quality of the margins and occlusal surfaces were evaluated, as well as their survival, according to their extensions and locations. The clinical performance of posterior composite resin restorations with different compositions were compared. All restorations were performed by the first author in his private practice, in a 5-to 20-year period.
In the last 25 years, direct light-activated composite resins and adhesive systems have improved. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] Manufacturers have continuously modified the size, type, and content of fillers, coupling agents, and components of the matrix. Handling and optical properties have improved, [1] [2] [3] and wear resistance and fracture resistance have increased. [4] [5] [6] [7] [8] Reducing shrinkage and polymerization stress, and improved marginal sealing have been achieved. [9] [10] [11] [12] [13] [14] Furthermore, cultural, educational, sociological and psychological factors have provoked changes in professional practice. Patient demands for tooth-colored restorations are closely linked to self-esteem and new esthetic preferences. [15] [16] [17] [18] Several articles have reviewed and analyzed the clinical performance of composite resins with different filler types, sizes, and contents, as well as the matrix composition. In one metaanalysis, hybrid composite restorations performed better, 19 but in another, micro-filled and hybrid composite resins were best. 20 In clinical studies, nano-hybrid composite resins have had similar results to conventional hybrid composite resins, 21 mid-filled hybrid composite resins were slightly better than mini-filled hybrid composites, 22 nano-filled and micro-hybrid composites performed similarly, 23 and three hybrid composite resins had similar clinical results. 24 On the other hand, different substrates and dentin bonding variables are a challenge to the adhesive systems. [25] [26] [27] In laboratory studies, multi-step etch-and-rinse adhesive systems showed better marginal adaptation to dentin, higher bond strength, and lower degradation than one-step self-etching adhesives. 28, 29 Three systematic reviews concluded that the choice between etch-and-rinse and self-etch systems is often a matter of personal preference; however, conventional two-or three-step etch-and-rinse adhesives and two-step self-etch adhesives have shown satisfactory results and are still the benchmark for dental adhesion in routine clinical practice. [30] [31] [32] A meta-analysis suggested that two-step self-etching and three-step etch-and-rinse adhesive systems should be preferred over one-step self-etching adhesive systems. 33 After 13 years, the clinical effectiveness of the three-step etch-and-rinse adhesive system, combined with hybrid, microhybrid and micro-filled composite resins, remained highly acceptable. 34 Furthermore, there were no significant differences between mild two-step self-etching adhesive and a heavily filled two step etch-and-rinse system, in an 8-year prospective study. 35 In the present study, the operator tried to preserve enamel cavity margins and applied two-or three-step etch-and-rinse adhesive systems. Furthermore, placing composite resins in 2 mm oblique layer increments was found to improve marginal adaptation. [36] [37] [38] In a laboratory study 39 and a randomized 3-year clinical evaluation, 40 new bulk-fill composite resins, placed in 4 mm increments, showed similar results when compared with 2 mm oblique layer increments.
Direct light-activated composite resin restorations in posterior teeth (PCRS) have been increasingly used. 19, 21, 22, 40, 41 In some dental schools in the US and Canada, the number of PCRS placed by dental students increased 30% from 2005 to 2010. 42 In addition, in a survey of 187 general dentists, direct composite resins were the first choice for posterior restorations (73.2%). 43 In various studies, evaluation periods varied from 3 to 22 years, in clinical studies 21, 22, 24, 36, [44] [45] [46] [47] [48] and systematic reviews. 19, 20, 49 The clinical outcomes of PCRS ranged from 70% to 100%. 21, 22, 24, 36, [44] [45] [46] [47] [48] Furthermore, some studies showed statistically similar clinical outcomes to replacements for amalgams, 20, 44 bonded resin inlays, 45 and bonded ceramic inlays in systematic reviews. 50, 51 One clinical study 52 showed similar mean survival times between ceramic inlays and PCRS after 57 months.
Nevertheless, long-term (i.e., more than 10 years) longitudinal clinical studies are scarce. Six studies have shown varying degrees of success for long-term clinical outcomes, ranging from 70 to 87%. 21, 22, 24, 36, 44, 45 
Materials and methods
This work was approved by the Ethical Committee, School of Dentistry, Montevideo, Uruguay. In April 2013, the first author decided to conduct an independent, retrospective, longitudinal clinical review, using a randomly selected sample, of six restorative procedures, performed by himself in his private office, over a 44-year period. The present article reports the findings from using one of these restorative procedures.
A comprehensive database was required, which was obtained from the personal records and clinical examinations of current patients. Therefore, the subjects had to have attended at the first author's office for at least 7 years and had to still be followed in the practice through 2013; all patients had complete dental arches (sound or restored teeth).
Patients with removable dental prostheses or disabilities, who had moved or who had died were excluded. To be included in this report, the PCRS had to have been in function for at least 5 years. The established failure criteria were: tooth and /or restoration fracture, secondary caries, endodontic treatment, or tooth loss. Considering the period of the clinical examinations (11/2013-04/2014 ) and the inclusion criteria for the PCRS (>5 years), the analyzed restorations were placed between October 1993 and October 2008.
Of 2552 registered patients, 210 fulfilled the inclusion criteria. Of these 210, 136 patients constituted a statistically representative sample (at the lowest range, a 95% CI for a proportion, had a length of ± 5%). The authors decided to select 140 patients. They were selected at random by a dental assistant, who was blinded to the aim of the selection. The surface shows wear that alters its morphology and must be controlled Charlie: Perforations, fractures, or significant tears, alter the morphology and must be polished, repaired, or retreated declined for personal reasons. Written informed consent forms were signed prior to the examinations. Patient-based data collected from the personal records and the clinical examinations were registered on specially designed forms. In total, 105 PCRS that met the inclusion criteria were present in 61 of the 138 studied patients: 101 PCRS were in vital teeth; 4 were in endodontically treated teeth (ETT) restored without posts.
All the restorations were performed by the first author. The co-authors participated as independent evaluators. Calibration between the evaluators and the operator was completed using data from 120 restorative procedures from another sample. Cohen's Kappa coefficient 53 of the quality analysis of the restorations ranged from 0.78 to 1, which has been reported to be excellent, according to the Fleiss Guide. 54 To establish the quality of the restorations, marginal adaptation (MA), marginal discoloration (MD), and occlusal surfaces (S) were the variables evaluated according to Ryge's criteria; 55 however, these variables were modified by the authors (Table 1) . Analyzing these evaluations, the authors established four success criteria (SC) on the quality of PCRS:
-Excellent (Ex): When MA, MD, and S were rated Alpha in the same PCR. This group represents the best quality restorations. -Good (G): When at least one variable (MA, MD, S) was rated Bravo in the same PCR. This group was considered of satisfactory clinical acceptance. -Functional survival (FS): When at least one variable (MA, MD, S) was rated Charlie in the same PCR. These restorations were at risk for failure. -Clinically successful (CS): To establish clinical success, the PCRS in function rated Excellent and Good, were considered jointly.
The clinical examinations were blinded between the authors and were performed with a mirror and a sharp explorer (Maillefer 6; Maillefer, Ballalgues, Switzerland). In case of disagreements regarding the assessment of restorations, the lowest rating was recorded. Furthermore, ETT restored with PCRS were also controlled by radiographs. (Fig 2) . -Large (L): When PCR restored one or more cusps, independent of the number of surfaces involved (Fig 3) . In the first appointment, a thorough clinical examination of the stomatognatic system (SS) was performed. A panoramic radiograph was always taken and reviewed. Periapical radiographs were also indicated when carious lesions or restorations were present.
Carious, missing, and restored teeth, as well as periodontal status, were recorded. The patients were enrolled in a comprehensive prevention plan. If caries were present, a dietary questionnaire was required; biochemical and microbiological saliva tests were indicated to establish individual caries risk 57 and etiological treatments. 58, 59 The activities of carious lesions were evaluated. In non-cavitated carious lesions, topical fluorides were applied. All patients received personalized oral health care education and were advised to undergo periodic maintenance therapy according to their caries risk levels. 60 Tooth preparation was based on a conservative approach using the following main steps: 61 preserving defined enamel margins and beveling when needed, 37 pulp protection according to the depth of the cavity preparations, applied a thin layer of calcium hydroxide on the pulpal floor. The bases were covered with a layer of glass-ionomer cement; rubber dam isolation at the time of restoration; metal matrix to attain tight proximal contact; 62 incremental oblique layering technique when placing the composite resins, [37] [38] [39] 45 and light polymerization of each layer for 20 to 30 seconds.
Different types and brands of composite resins were placed and evaluated in the observed period (Fig 4) . In all clinical situations, the adhesive system was provided by the manufacturer of the composite resin placed. Two-or three-step etch-and-rinse adhesive systems were applied. The variables to be considered were: age, gender, period of clinical attendance, tooth preparation, location, size, quality, and longevity of the restorations, restorative materials, adhesive systems, parafunctional habits, secondary caries, and maintenance therapy.
Data processing was performed using Epidat software (Conselleria de Sanidade de la Xunta de Galicia, Santiago de Compostela, Spain) v3.1 developed by the Consellería de Sanidade de la Xunta de Galicia with the support of PAHO-WHO and SPSS software v13.0 (SPSS Inc., Chicago, IL). In all cases, the variables that were considered corresponded to an identically distributed independent random variable that was generated from a probability sample. A result was considered statistically relevant when, upon the rejection of a null hypothesis, the probability of error was less than 5%.
Statistical significance was set at P < 0.05. When analyzing the complete and censored values, the mean and median were used to describe the central tendency.
Results
The subjects consisted of 40 women and 21 men. The mean age was 52 years and 10 months old in women (range 27-80) and 60 years and 7 months old in men (range 40-78). Significant differences in age between sexes (Mann-Whitney test U = 563.5; p = 0.015) were noted.
The time span over which the 61 studied patients were treated in the practice ranged between 7 and 44 years: 11 patients were in the 7-to 15-year range, 20 patients were in the 15-to 20-year range, and 30 patients were in the 20-to 44-year range. The average was 22 years and 5 months.
At the time of the examination, 103 (98%) PCRS were still in function: 62 premolars and 41 molars. Two (2%) PCRS had failed.
One extended PCR in tooth 45 fractured 6 years after placement. An occlusal medium PCR had been placed in tooth 36. Thirteen years after placement, an endodontic treatment had to be performed in this tooth, and the PCR had to be removed. Two new PCRS were performed in these teeth. Both failures were in women.
The number of PCRS performed in each patient varied between 1 and 5, with an average of 1.72 PCRS per patient. Neither clinical nor radiographic failures were observed in ETTs restored with PCRS. No teeth were lost, and there were no carious lesions next to the PCRS.
According to the modified Ryge's criteria 55 (Table 1) , the number and distribution of PCRS in function, related to the quality of the margins and surfaces and the location in the dental arches are shown in Table 2 . Analyzing these results and following the SC previously established, 60.2% of PCRS that remained in function were qualified Ex (Fig 5), 34 .9% were qualified G (Fig 6) , and 4.9% were qualified FS. The CS rate was 95.1% (Table 3) .
There were no significant differences in the SC, between women and men (OR = 0.65, CI 95% 0.07-6.14). There were significant differences found between the number of PCRS MA = marginal adaptation; MD = marginal discoloration; S = occlusal surface; Mx M = maxillary molar; M M = mandibular molar; Mx P = maxillary premolar; M P = mandibular premolar. placed in premolars and molars (60.2% vs 39.8%, Test for proportions, p < 0.0488) and between the size of PCRS and their locations in the dental arches (Chi-square test 69.72, p = 0.0001). Combining both variables, a significant difference was observed in the larger number of medium-sized PCRS located in premolars (Chi-square test 69.01, p < 0.00009) (Fig 7) . The observed mean survival time of the 103 PCRS in function was 11 years and 7 months (range: 5 to 20 years). A significant difference was observed in the longer mean survival time Ex = excellent; G = good; FS = functional survival; Mx M = maxillary molars; M M = mandibular molars; Mx P = maxillary premolars; M P = mandibular molars; CS = clinical success. 
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Mol. of premolars (Mann-Whitney test U = 1517.5, p = 0.0485) (Fig 8) .
Considering the SC of the quality of PCRS, the observed mean survival time of each group was as follows: Ex: 11 years and 1 month; G: 12 years and 9 months; FS: 11 years and 8 months. No significant differences between the groups were found (Kruskal-Wallis test H = -3.86, p = 0.99). The PCRS rated as CS had an observed mean survival time of 11 years and Filtek Z350  33  N-F  17  14  2  25  7  1  97.2%  7y 7m  Heliomolar  28  M-F  17  7  4  16  12  0  100%  16y 2m  Filtek P 60  24  M-H  13  10  1  14  7  3  87%  9y 9m  Total  85  47  31  7  55  26  4 (Table 4) . Considering the SC of the quality of PCRS and the CS, there was no significant difference between the three composite resins (Yates Chi-square p = 0.32). Heliomolar showed significant differences in the observed mean survival time (Kruskal-Wallis test H = 50.249, p < 0.0001). This brand was used from 1986 to 2002.
Thirty-four (33%) asymptomatic patients had parafunctional wear facets (the activity was not assessed), and 20 (19.4%) patients were using nocturnal stabilization splints due to bruxism or temporomandibular disorders (TMDs). If considered jointly, 52.4% of the patients had or had had a history of parafunction. Seventy-four PCRS were placed in these patients. Eighteen women and 11 men (47.5%) underwent at least annual maintenance therapy.
Discussion
The location of the PCRS in the dental arches might affect clinical results. Demarco et al 41 found that the failure rate in molars was 2.8 times greater than in premolars. In the present investigation, the total number of PCRS (105) was significantly less than the total numbers reported by da Rosa Rodolpho et al (362), 22 Opdam et al (747), 44 and van de Sande et al (306). 24 In this research, 62 PCRS were located in premolars and 41 were located in molars (p < 0.0488), whereas in da Rosa Rodolpho et al 22 and Opdam et al, 44 168 and 234 were in premolars and 194 and 513 were in molars, respectively. At the same time, the average number of restorations placed in patients in this work was 1.72 in 61 patients, while in da Rosa Rodolpho et al 22 the average number was 6 in 56 patients, and in van de Sande et al, 24 it was 7 in 44 patients. In Opdam et al, 44 1 to 4 PCRS were performed in 103 patients, 5 to 8 in 93 patients, and more than 9 in 77 patients.
In this study, gender did not influence the clinical results (OR = 0.65, CI 95% 0.07-6.14). Furthermore, when the number of tooth surfaces covered by preparation increases, the risk of failure was higher. 19, 20, 22, 24, 37 The number of extended or large PCRS in several studies were: 43 in this work and, 241, 22 74, 44 and 74 46 in other studies. In a review, 41 the failure rate of class II preparations was 2.8 times more than that of class I restorations, and if they covered 3 or more surfaces, the failure rate was 3.3 times more than that with one surface.
In different investigations, fractures of the restorations and/or teeth numbered: 20% in da Rosa Rodolpho et al, 22 21 and 6% in Pallesen and Qvist. 45 In the present study only one restoration fractured (1%). Moreover, the annual failure rate in the present investigation was 1.6%, which was similar to or less than 1.5% to 2.2% in 22 years, 22 2.41% in 12 years, 44 1.9% in 10 to 18 years, 21 and 2.4% in 12 years, 45 as reported in previous studies.
At the time of the examination, 98% of PCRS were still in function in this study, while da Rosa Rodolpho et al 22 showed a success rate of 70%, Opdam et al 44 had a success rate of 85%, van de Sande et al 24 had a success rate of 70%, van Dijken and Pallesen 21 had a success rate of 80.7%, and Laegreid et al 47 had a success rate of 87.7%. Therefore, considering the number and extension of PCRS, their locations in the dental arches, and the average number of restorations placed by patient in the present work, the risk of failure might be lower and could have improved clinical results. Nevertheless, the lower annual failure rate and the higher percentage of restorations in function in the present report, compared with the aforementioned research, could be related to the high quality of PCRS and lack of secondary caries. Moreover, longer survival could increase the risk of failure. 19, 22 In this research, 42 of 103 PCRS had longevity between 5 and 10 years (mean survival: 6 years, 11 months), 27 of 103 between 10 and 15 years (mean survival: 12 years, 2 months), and 34 of 103 between 15 and 20 years (mean survival: 16 years, 9 months). The survival times of the two failures were 6 years and 13 years, 3 months. The observed mean survival time of PCRS in function was 11 years, 7 months (range: 5 to 20 years). Furthermore, considering the SC of the quality of PCRS, no significant differences were observed in the mean survival time between the groups (Kruskal-Wallis test H = -3.86, p = 0.99).
In the present work, due to only two restorations being lost, the risk of failure was not correlated with the observed mean survival time of PCRS. From a biological point of view, caries was considered a risk factor for failure. 24, 44, 49 The secondary caries failure rates were: 7.5%, 22 7.8%, 44 12%, 24 9.7%, 21 and 5% 45 in previous studies. In the present study there were no carious lesions next to restorations. This outcome might have been due to the patients being enrolled in a comprehensive prevention plan, individual caries risk assessments, and the educational, etiological, and restorative treatments performed. In fact, reductions in the caries risk levels were seen during the observation period (Fig 9) . The number of patients with a high caries risk decreased from 75.4% in the first examination to 4.9% at the time of the evaluation in this research. During the same period, the number of patients with medium caries risk and low caries risk, increased from 11.5% to 44.3% and 13.1% to 50.8%, respectively. These results showed the efficacy of the preventive criteria and the procedures that were applied. Moreover, the results of the present research were similar to or better than other international studies. 45, 47, 48 A standard deviation of 4 years and 7 months, (95% CI, 4 years to 5 years, 4 months) was found. Clinical performances among hybrids, micro-hybrids, nano-hybrids, and micro-or mid-filled PCRS were compared. Different results were reported in clinical studies [21] [22] [23] [24] and systematic reviews. 19, 20, 49 In the present article, considering the three materials used, most nano-filled and micro-filled PCRS showed a similar CS and better than micro-hybrid composite restorations; however, there was no significant difference between the three composite resins compared (Yates' Chi-square p = 0.32). Heliomolar, an inhomogeneous micro-filled composite material, had the longest mean survival time (p < 0.0001) (Table 4) .
Furthermore, the operator applied two-or three-step etchand-rinse adhesive systems. [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] These factors could explain the longevity and the high quality of the PCRS (a 95.1% rate of CS). These results, regarding the quality of restorations, were similar to other clinical studies that were reviewed. 21, 22, 24, 45 Recently, new bulk-fill composite resins with greater translucency, lower filler content, and new photoinitiators were placed in 4 to 5 mm increments. Laboratory 39 and clinical studies 40 showed similar marginal adaptation than PCRS placed in 2-mm incremental oblique layering technique.
The variables of age, parafunction, and maintenance therapy could not be statistically studied in the present work, due to the small number of failures. The size and location of the restorations might be limitations in this study. Despite these limitations, the high level achieved in the quality and longevity of the PCRS performed by a general practitioner in private practice could be similar to those performed under universityclinic conditions, which was not in accordance with Heinze and Rousson. 20 Clinical outcomes were also conditional factors related to the patient and the operator. 41 
Conclusions
In the present article, direct light-activated composite resin restorations in posterior teeth showed a high clinical success rate and long-term mean survival time. These composite resins might be considered the material of choice to restore medium, extended, and in some clinical situations, large preparations in posterior teeth. Further investigations must be conducted to evaluate the long-term results of new materials for posterior composite resin restorations.
